The article proposes a procedure for optimizing the system for the recycling of oily waste (OW) according to the environmental safety criterion based on the Data Envelopment Analysis (DEA) method. The waste disposal system includes the storage facilities of the OW, technological installations for their disposal and the entire necessary infrastructure ensuring the interconnection of the elements of the system under consideration. Environmentally safe technology of OW disposal complies with current environmental standards aimed at minimizing the harmful effects on the environment in the process of recycling of the OW located in the storage facilities. Parameters for evaluating the OW disposal system by the criterion of environmental safety were selected, allowing comparing both the OW storage facilities and the technology for its utilization. The results of solving the corresponding problems of mathematical programming, formulated on the basis of the models of CCR and the Superefficiency DEA-method, make it possible to identify the optimal technology for OW disposal and the optimal storage facility for the WO by the criterion of environmental safety for recycling relative to the compared objects in the analyzed groups.
INTRODUCTION
The oil and gas industry is the basis of the economy of the Russian Federation and serves as the driving force and guarantee of the country's economic prosperity, technical progress and successful social development in the present and in the near future. The losses of oil and oil products resulting from the extraction, transportation, and processing of hydrocarbons annually reach, respectively, 26 and 12 million tons. At the same time, the aggregate level of collection of these losses in the form of oily waste (OW) and their processing is less than 10%, whereas, in developed countries of Europe, the Middle East, Southeast Asia and South America, more than 30% are collected and recycled. In the majority of oil-bearing regions of the Russian Federation, which primarily include Western Siberia, Bashkortostan, Tatarstan, Samara and Orenburg regions, the main method of disposal of oil waste, oily water, etc. is their disposal, and not integrated recycling. Since the number of OW doubles every 5-7 years, the environmental problems that arise in this connection become critical and require urgent solutions.
In addition, equipment for processing oil-containing waste in Russia significantly loses in terms of technical and economic efficiency compared with similar equipment used in the countries of the European Union.
Currently, the waste management industry is moving from the concept of waste management to the concept of resource management within the framework of a "closed-cycle economy", which necessitates the formation of a new system for evaluating the efficiency of processing OW [1, 2] .
The effectiveness of waste management, including oily waste, in the framework of this concept, is determined by the value of resources derived from waste. Under the resource value refers to the integrated quantitative criterion of the possibility of effective waste recycling, assessed by the combination of heterogeneous indicators, the main of which (environmental, economic, social and technical) are presented in the review [3] .
The environmental indicators considered in [3] include parameters characterizing carbon emissions [4] and pollutants into the air, water and soil [5] , energy [6, 7] and non-energy indicators (economic, social) [8] , as well as integral performance indicators, the increase of which is an urgent task.
The article discusses the problem of optimizing the utilization system of the OW by the criterion of environmental safety based on the Data Envelopment Analysis (DEA) method [9] [10] [11] . The waste disposal system includes the storage facilities of the OW, technological installations for their utilization and the entire necessary infrastructure ensuring the interconnection of the elements of the system under consideration. Environmentally safe OW disposal technology complies with current environmental standards aimed at minimizing the harmful effects on the environment in the process of recycling of the OW located in the storage facilities.
II. METHODS AND OBJECTS OF COMPARISON
The characteristics of the storage facilities of the OW (Table  I) and installations for OW recycling (Table II ) located in the territory of the Samara Region are used as source data.
In Table I , the weighted average content of the components of the physicochemical composition of the WO n b  is determined on the basis of an analysis of samples from the nstorage object. In Table I, the following notation is used: asphaltenes and resins; 2
-the sequence number of the object of OW storage in the analyzed group; N is the total number of storage facilities of the OW in the analyzed group.
In Table II V  -factor of secondary use of the m -installation of  -OW component (accepted on the basis of technological requirements for the disposal of a particular type of OW, in the absence of information is assumed to be 1, which corresponds to the maximum use of the related component of the OW to produce a useful recycling product); m P  -rationing factor of the useful product recycling, obtained from the  -component of the OW of m -installation ( rationing is carried out according to the estimated cost of 1 ton of useful product reduced to the cost of 1 ton of diesel fuel).
To optimize the disposal system of the OW by the criterion of environmental safety, it is proposed to use the DEA method, which is widely used to evaluate the effectiveness of complex technical systems and makes it possible to obtain comparative integral relative multifactor estimates and visualize the obtained comparison results in a visual and understandable form [11] . The DEA method is based on the formulation and solution of mathematical programming problems [12] , the result of which are relative integral evaluations of the efficiency of the objects of the analyzed group, which allow ranking objects and evaluating the degree of realization of their available technological capabilities.
A. Мathematical model of performance evaluation
The mathematical model for evaluating the effectiveness of the OW disposal system by the criterion of environmental safety is a multidimensional object of analysis ( Fig. 1 ). As a model of the object of comparison, objects of OW or technology of OW disposal may be considered, depending on the task, which is set by the person who makes the decision to optimize the system of OW disposal according to the criterion of environmental safety. 
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x -mass of unprocessed part of mineral and mechanical impurities [tons]: the parameters of the effectiveness of the OW disposal system evaluating model according to the criterion of environmental safety (Fig.1) form the initial data for the problems of mathematical programming (PMP).
Formulated on the basis of the base CCR model of the DEAmethod PMP [11] , which makes it possible to obtain environmental safety assessments of the use of the m-recycling plant for processing of the OW the n-storage facility to optimize the disposal system, can be represented as follows: 11 5 ( , ) However, it is sometimes desirable to know exactly which of the objects of comparison (the n-object of OW storage or the m-technology of disposal) is the best from the point of view of environmental safety. Then, to determine the most efficient object by the criterion of environmental safety in the analyzed group, it is advisable to use the model of the Super-efficiency DEA-method [9] .
The formulation of PMP based on the Super-efficiency DEA-method model for evaluating the use of the m-recycling plant for the processing of the OW of the n-storage facility by the criterion of environmental safety to optimize the disposal system can be presented as: 11 5 ( , ) 
III. RESULTS AND DISCUSSIONS
The results of optimization of the OW recycling system according to the criterion of environmental safety based on the base CCR model of the DEA-method, in the form of PMP of the form (7) - (8) , are presented in the form of evaluation:
when comparing M = 7 technologies of OW recycling (Table II) for each n-object of the OW storage (Table III) ;
when comparing N=9 objects of the OW storage (Table I) for each m-technologies of OW recycling (Table IV) .
The results obtained in Table III The results of optimization of the OW recycling system according to the environmental safety criterion based on the Super-efficiency model of the DEA-method, in the form of a PMP of the form (9)-(10), are presented in the form of estimates:
when comparing M=7 technologies of OW recycling (Table II) for each n-object of the OW (Table  V) Table V by the criterion of environmental safety allows comparing 7 utilization plants in the analyzed group and selecting the best one for disposal of all 9 analyzed WO storage facilities. Unit 7 has the highest rating 7 1 90 N ES   and is the best for the environmentally safe OW disposal of all analyzed storage facilities. Environmentally unsafe for OW disposal is the installation number 5, which has the lowest estimate IV. CONCLUSION The proposed procedure for optimizing the OW utilization system according to the environmental safety criteria based on the DEA method makes it possible to identify environmentally safe technologies for utilization of the OW in the analyzed storage facilities and to determine the OW in the analyzed storage facilities that can be disposed of using the considered technologies with minimal environmental damage.
